The aim of this study was to evaluate the effects of abutment diameter, cement type, and re-cementation on the retention of implant-supported CAD/CAM metal copings over short abutments. MATERIALS AND METHODS. Sixty abutments with two different diameters, the height of which was reduced to 3 mm, were vertically mounted in acrylic resin blocks with matching implant analogues. The specimens were divided into 2 diameter groups: 4.5 mm and 5.5 mm (n=30). For each abutment a CAD/CAM metal coping was manufactured, with an occlusal loop. Each group was sub-divided into 3 sub-groups (n=10). In each subgroup, a different cement type was used: resin-modified glass-ionomer, resin cement and zinc-oxide-eugenol. After incubation and thermocycling, the removal force was measured using a universal testing machine at a cross-head speed of 0.5 mm/min. In zinc-oxide-eugenol group, after removal of the coping, the cement remnants were completely cleaned and the copings were re-cemented with resin cement and re-tested. Two-way ANOVA, post hoc Tukey tests, and paired t-test were used to analyze data (α=.05). RESULTS. The highest pulling force was registered in the resin cement group (414.8 N), followed by the re-cementation group (380.5 N). Increasing the diameter improved the retention significantly (P=.006). The difference in retention between the cemented and recemented copings was not statistically significant (P=.40). CONCLUSION. Resin cement provided retention almost twice as strong as that of the RMGI. Increasing the abutment diameter improved retention significantly. Re-cementation with resin cement did not exhibit any difference from the initial cementation with resin cement. 
INTRODUCTION
Introduction of endosseous dental implants revolutionized and increased the options for reconstruction of edentulous. 1 A primary reason to consider dental implants to replace missing teeth is the maintenance of the alveolar bone. 2 Dental implants are utilized to support screw-type or cement-type prostheses. 3 Cement-retained prostheses have several advantages over screw-retained prostheses, including force transmission along the long axis of implants, easy superstructure adjustments, absence of prosthesis screw loosening, and superior esthetics. 4, 5 Retention is a vital feature in the clinical success of fixed restorations. 6 Factors affecting retention and resistance form of implant restorations include abutment features, luting agent, and superstructure characteristics. 7 Abutment features include the height and width, degree of taper, 8 and surface roughness. 9, 10 Type and composition, consistency, film thickness, and pressure duration while cementation pertain to luting agents' characteristics. Fitness and inner roughness of the superstructure also have a role in retention and resistance. 11 Therefore, in addition to implant type, considering types of abutment, luting agent, and superstructure is a major step in making a clinical decision. 12 An ideal luting agent provides sufficient retention while preserving the access to the superstructure and abutment without compromising any of them. 13 Permanent cements provide superior retention, marginal seal, and bond strength but endanger the retrievability of the components. 14 Aggressive techniques in crown removal may lead to crown/abutment screw, abutment, or implant fracture. 15 On the other hand, use of temporary cements might yield insufficient strength during function, leaching of the cement and restoration mobility. Therefore a specific luting agent is selected based on the restoration condition. 16 Introduction of CAD/CAM (Computer-aided Design/ Computer-aided Manufacturing) technology revolutionized the laboratory procedures in dentistry. Conventionally, fabrication of a framework required full anatomic wax-up, cutback, investing, and casting, the steps which were rather time-consuming and needed technician's high skills. 17, 18 During early developing steps of CAD/CAM, ceramics and polymers were widely utilized. For alloys such as Cr-Co, powerful processing machines were needed due to the hardness of alloy blocks, which in turn made the production and maintenance rather costly. 19 Presintered Cr-Co blocks, e.g. Ceramill Sintron; Amann Girrbach, and advanced processing techniques have been introduced recently. These soft blocks are dry-milled and sintered in an Argon atmosphere at a high temperature. The shrinkage volume during sintering is about 11%. 17, 20 Cemented implant restorations sometimes require recementation. 21 When an abutment length is not sufficient, retention of the restoration is compromised, especially when it is cement-retained. In these cases, permanent or temporary cements can be used for re-cementation. Different methods have been proposed to clean restorations before re-cementation such as cement removal solutions, 22 hand instruments e.g. curettes, 23, 24 ultrasonic bath with alcohol, sandblasting with alumina particles, etching, and burnout. 21, 25 Sometimes the interarch space is limited; in such cases shorter abutments can be used to reconstruct the edentulous area. Providing retention is a rather sensitive task in short abutments; therefore, additional retentive features and use of more retentive luting agents ought to be considered.
Rödiger et al. showed that a temporary luting agent is more affected by height and tapering of the abutment than a semi-permanent luting agent. 21 According to CanoBatalla's study, type of cement, sandblasting, and abutment height had a considerable impact on retention although a 1-mm difference in abutment height did not result in any significance. 26 On the other hand, in Abbo's study on zirconia copings, a 1-mm decrease in height reduced retention significantly. 2 Little evidence is available on the effect of abutment diameter on retention of implant-supported restorations over short abutments.
Since retention is a major concern in short implant abutments, the aim of this study was to investigate the effect of abutment diameter (contact area), type of luting agent, and re-cementation on implant-supported CAD/CAM restorations over short abutments. The null hypothesis was that the different abutment diameters, luting agent types, and recementation do not affect the retention of implant-supported CAD/CAM metal coping over short abutments.
MATERIALS AND METHODS
In this in vitro study, 60 two-piece abutments (Implantium, Dentium, Shrewsburg, UK) were selected. 27 Abutment diameters were 4.5 and 5.5 mm. The length of the abutments was initially 5.5 mm, which was reduced to 3 mm by means of a wire cut device.
Twenty implant analogs (Implantium, DANSE, Shrewsburg, UK) were vertically mounted in self-cured acrylic resin blocks (Acropars, Marlic, Tehran, Iran) measuring 2.5 cm in diameter and 3 cm in height. The analog alignment was verified by a surveyor. The block surfaces were 1 mm below the abutment-analog junction ( Fig. 1) . 28, 29 The abutments were screwed to a 35-N torque force 30 with a torque wrench and were subsequently replaced by abutments of the other group, after the test was conducted.
Each abutment was scanned individually (Ceramill Map400, Amann Girrbach, Kolbach, Austria) and a metal coping (Ceramill Sintron, Amann Girrbach, Austria) was fabricated using a CAD/CAM device (Ceramill Motion2 (5X), Amann Girrbach, Austria) with a 30-μm space for the luting agent. 30 Each coping was fabricated with an occlusal loop to provide a suitable grip for the universal testing machine (M350-10CT, Rochdale, England) (Fig. 2) . 21 Marginal fit was evaluated at ×4 magnification under a stereomicroscope (Nikon, Tokyo, Japan) and copings with improper fit were excluded. The copings and abutments were divided into 2 groups (n = 30). Thirty abutments were 4.5 mm and the other thirty were 5.5 mm in diameter. Each group was further subdivided into 3 sub-groups (n = 10), which differed in cement type. The three cement types used were resin-modified glass-ionomer (RMGI) (Ketac Cem, 3M ESPE, Seefeld, Germany), zinc-oxide-eugenol cement (TemBond, Kerr, Romulus, Italy), and resin cement (Panavia F2.0, Kuraray, Kurashiki, Japan).
All the abutments and copings were cleansed in an ultrasonic bath (Ultrasonic, Bandelin, Super RK102H, Berlin, Germany) containing 96% ethanol and dried afterwards. 4 Screw access was filled with Cavit (Cavisol, Golchai Co., Tehran, Iran). Cement mixing and application was performed at room temperature with hand by an operator according to manufacturer's instructions. 31 The copings were half-filled with cement and pressed down for 5 seconds for cementation. The specimens were later loaded by a 5-kg force for 10 minutes according to ADA specification No. 96. 32 Excess cement was removed with an explorer before complete setting. 6 The samples were later submerged in 37°C distilled water for 24 hours. 33 To simulate the oral environment, the samples underwent 1000 thermal cycles at 5 -55°C with 30 seconds of dwell time (TC-3000, Tehran, Iran). 27 The copings were pulled out at a cross-head speed of 0.5 mm/min in a universal testing machine (Fig. 3) . The pull force was applied along the vertical axis of abutment-analog. 34 The maximum force required for removal of the coping was reported as maximum retention.
In the 20 specimens of temporary cement group, after testing, the temporary cement was cleaned from the intaglio surface of the coping and abutment surfaces. The removal procedure of temporary cement consisted of gross removal with the explorer, ultrasonic bath with ethanol for 15 minutes, and a 30-second application of 37% phosphoric acid for complete removal of cement remnants. The specimens were then rinsed and dried. 21 The abutments were also cleaned in an ultrasonic bath for 5 minutes and dried. 4 After re-cementation with a resin cement, incubation, and thermocycling, the pull-out test was repeated.
Failure area was investigated under a light microscope (Nikon, Japan) (Fig. 4) . Failure modes were classified into three categories: adhesive failure (complete separation of cement from the abutment or coping), cohesive failure (failure within the cement) and mixed failure (a combination of the two above). Since a coping is a combination of several surfaces and the failure mode is different in different surfaces of a coping, the failure modes were categorized as follows: more than 75% of the cement remained on the coping; between 25% and 75% of the cement remained on the coping; less than 25% of the cement remained on the coping. 30, 35 The axial walls were considered as 4 surfaces and the occlusal wall was considered as one surface, with each surface being considered 20%. The dislodging forces were statistically analyzed with Two-way ANOVA, post hoc Tukey tests, and paired t-test (α = .05). 
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RESULTS
The means and standard deviations of each group are displayed in Table 1 . The maximum pulling force for each cementation sub-group was recorded in the abutments with larger diameters. The maximum mean pull-out force pertained to resin cement in both initial cementation and recementation sub-groups but the difference between these two sub-groups were not significant. A 1-mm increase in diameter improved retention in all the groups (Fig. 5) .
Two-way ANOVA showed that cement type significantly affected the retention of metal copings (F = 27.8, P < .001). Increasing the abutment diameter from 4.5 mm to 5.5 mm increased retention significantly (F = 8.05, P = .006). These two variables (cement type and abutment diameter) acted independently and did not exhibit any interactions (F = 0.23, P = .87) ( Table 2) .
Paired t-test showed that the retention difference between initial cementation and re-cementation with resin cement was not statistically significant (α = .40). After removal of the coping, in all the groups most of the remaining cement was observed on the coping surface (81.25%); a few samples showed mixed failure (16.25%); and only two specimens exhibited most of the cement remnants on the abutment (Fig. 6 ).
DISCUSSION
Cement type and abutment diameter had significant effects on retention; thus the null hypothesis was rejected. The cement type affected retention significantly in short abutments. The registered retention force in resin cement group was considerably higher than that of RMGI or ZOE.
Similar findings have been reported in previous studies as well. [36] [37] [38] Re-cementation did not affect retention adversely and removal force in the re-cementation group was close to that in the initial cementation group with the use of the resin cement. Panavia resin cement contains 10-methacryloyloxydecyl dihydrogen phosphate (MDP), which forms a chemical bond with metallic oxides 30 and yields high bond strength. The relatively minor alterations that occur during re-cementation do not affect the bond strength to adhesive resins. Ayad et al. 23 investigated the effect of re-cementation. They compared GI, zinc phosphate, and resin cement (Panavia) and concluded that re-cementation only affected the zinc phosphate cement adversely.
When abutment height is not sufficient and retrievability is vital, resin-modified glass-ionomer is a suitable option. Resin-based cements can make up for the insufficient geometry (such as short abutment height) and thus are recommended in such occasions. 38 In all the study groups, the abutments with larger diameter exhibited higher bond strength; therefore, increasing abutment diameter is recommended when the height is not sufficient.
Cano-Batalna and Sadig studied the effect of cement type, sandblasting, and abutment height and reported that all these factors affect the retention of implant-supported restorations, although Cano did not find a significant difference when abutment height increases from 4 mm to 5 mm or from 5 mm to 6 mm. 31, 37 These findings are consistent with our results. Carnaggio investigated the effect of cement type and contact surface area on the retention of full-ceramic CAD/CAM copings cemented to 3 different sizes of prefabricated abutments. According to him, retention values of RMGI are close to those of the temporary cements and surface area is less vital regarding the resin adhesives. 27 According to Covey et al., 28 chemical composition of the cement affects the uniaxial retention force, but increasing the contact area does not improve the retention in wide abutments. 28 Farzin and Cuncu reported that modi- Effects of abutment diameter, luting agent type, and re-cementation on the retention of implant-supported CAD/CAM metal copings over short abutments fications in axial wall of the abutment did not change the retention significantly, but cement type significantly affected the retention force. 6, 22 On the other hand, Abbo showed that reducing the abutment height by 1 mm decreased the retention of zirconia copings significantly. 1 In previous studies, the effect of abutment height, tapering, and axial wall alterations were investigated, but in our study, the variable was abutment diameter. All the abutments were reduced in height. In this study, all the three cement types were almost equally affected by an increase in diameter. Rödiger et al. 21 studied the effect of abutment height and tapering and demonstrated that temporary lutings were affected by abutment height and tapering to a greater degree compared to semi-permanent luting agents.
The failure mode can be an important consideration in selecting a specific cement. In this study, most specimens exhibited adhesive failure (81.25%) at cement-abutment interface (most of the cement remained on the coping surface). Sandblasting the intaglio surface of the coping improves the micromechanical retention compared to the machined surface of the abutments. 37 Adhesive failure is an advantage when retrievability is important since accessing the screw in the abutment is rather easy and the abutment will not be further damaged in an attempt to remove the remaining cement. Ebert et al. 39 investigated the retention force of zirconia copings on 2.7-mm abutments and reported that cement mostly remained on the abutment surface, which is caused by prior air-borne particle abrasion of the abutments.
The type of dislodging force was one of the limitations of this study. The dynamic intraoral forces are different from the uniform static forces applied by the testing machine and the cemented restorations almost never dislodge vertically. Fatigue loading also alters the behavior of the cement, which must be further investigated in future studies. In this study, copings were milled from Cr-Co blocks (Sintron) and the results may not apply to gold, titanium, or zirconia copings. Manual mixing of the cement can affect the cement strength and it is advisable to use auto-mixed types if possible. Other types of cement, conditions of storage, thermocycling, and masticatory simulation should be studied. These in vitro studies and clinical trials can provide useful evidence and their results should be interpreted with caution.
CONCLUSION
Within the limitations of this study, it can be concluded that:
Adhesive resin cements are three times as strong as temporary cements and almost twice stronger than RMGI cements in implant-supported restorations with short abutment height. When the abutment height is not sufficient, increasing the diameter can considerably improve the retention of implant-supported restorations. Re-cementing the implant-supported copings over short abutments with adhesive resin cements does not adversely affect retention. 
